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Abstract

Goal, Scope and Background. LEED (Leadership in Energy and Environmental Dekig a scoring system that evaluates
the environmental friendliness of buildings. lc@emposed of 69 credits, each one providing a saboae (i.e., one point)

if implemented. However, since each credit doesatafys provide the same type and magnitude of flierfer the
environment, a higher rating is not always synonyswaith lower impacts. The goal of this paper i®taluate the actual
extent of the benefits and burdens of LEED, idgntiife critical credits and develop a new scale thifitcorrect these
miscorrelations.

Methods. The various LEED credits are qualitatively anatlysk is possible to quantify the actual outcomesd #us
perform a life-cycle assessment (LCA) on 45 credfiglied to an actual California office buildinghi$ allows comparing
the benefits of the different credits among eadteiotCommuting of the employees is included ingystem. The LCA is
performed with the help of SimaPro 7, combining #minvent 1.2 inventory database and the impas¢sasent
methodology IMPACT 2002+ v2.1, adapted to North Aicege Impacts are evaluated for human health, estesys quality,
climate change, and resource consumption. Impdctseodifferent credits are aggregated in one iaidicto allow the
design of a new scoring system that assigns tdlifferent credits an amount of points (i.e., a s¢dhat are related to the
actual benefits. A school and a residential bugdane also modeled in order to perform a sengjtatiady.

Results and Discussion. Operation, especially employee commuting and edgist consumption, dominates the impacts
associated with the building. It appears that wageeration have limited but not negligible impacatdereas water
consumption has small impacts. Since the buildingjituated in California, heating is not an impottsource of impacts.
As a result, credits that provide the most envirental benefits are the ones geared toward incrgalsenfraction of green
electricity, reducing energy consumption, reducémgployee commuting, and increasing waste recychtmng with the
ones favoring the reuse and recycling of the bogdstructure. The ones targeting reduction of watet land use, and
recycling content in the furniture appear to be leeneficial. The scores of the different LEED dedange from -128 to
606. Negative credits are due to credits that leadnore burdens than benefits, for example, the reqgiiring the
construction of a multifloor parking lot (with a@e of -128). The most beneficial credit (with @mcof 606) is the one
requiring that electricity comes from at least 508éen power.

Conclusions and Outlook. Comparing the new scale with the observationsitenskiows that the LEED credits actually
implemented are not always the most beneficialtiier environment. This issue should be addresseatdar to make
LEED more efficient. The proposed rating systemusthdhelp correct these discrepancies. The amoumediction in
employee commuting that the related credits resdlyieve, actual impacts of land and water use galdth the benefits of
improved indoor air quality are among the main fatchallenges of the present study.

Keywords: Credits; ecoinvent database; green buildings; IMPA&002+; leadership in energy and environmentalgtes
(LEED); life cycle assessment (LCA); office buildin

Introduction and Objectives

The construction and building industry accountsdaubstantial fraction of the overall environméitgacts of society
(Junnila and Horvath 2003). In the United Statasldings account for an important part of the imgaof the entire
economy: 12% of potable water consumption, 30% asétes output, 30% of raw materials use, 30% of dlelzaming

potential (GWP), 68% of electricity consumption,dafi9% of total energy use (USGBC 2005). A receiiiaiive,
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Leadership in Energy and Environmental Design (LEEEED 2003) is providing a scoring system forégn buildings’.
However, the definition of what comprises greeraisbiguous. This paper quantifies the environmehtaefits and
burdens of the different LEED requirements, catieetlits, so that these credits can be analyzed@amgared. The various
LEED credits are translated into quantities that ba used as inputs into life-cycle assessment JLJAis analysis
reveals how much of an environmental benefit LEE®vjales and which credits bring the largest begelihe credits with
larger benefits should be given more importancéhan LEED program through a higher score (i.e., nemdf points)
attribution. Whether the score given to a particel®dit is adequate is addressed, and a new gcsystem is suggested.
The features addressed in this paper are:

¢ Qualitative and quantitative evaluation of the picat implications of the different LEED credits.

« Evaluation of the benefits and burdens of the diffié LEED credits based on LCA.

« |dentification of the LEED credits that are the miospacting.

« Comparison with observations showing which credlitsactually implemented.

« Possible revision of the LEED scoring system basethe magnitude of the benefits evaluated.

Note that throughout this paper, the term ‘weigkfers to the weighting scheme between the diftedamage categories
evaluated, whereas the term ‘score’ refers to mgoitance that each LEED credit should providehm huilding when
implemented.

Only the main results are presented in this papee. detailed results are presented in the supgpoiniiormation and can
be obtained by contacting the corresponding author.

Description of LEED

LEED is a rating system developed by the U.S. Greeiilding Council (USGBC) to assess the environrakent
sustainability of building designs. It is a volunta consensus-based framework for developing higtiepmance,
sustainable buildings. A building design can bdified by the U.S. or Canadian Green Building Cdlurertification
helps providing increased market exposure, and aitmgslacing the building among the ‘greenest’ hbindgg in North
America.

To earn LEED certification, the applicant projectisnsatisfy all of the prerequisites and a minimommber of credits
(each one providing one point) that will allow aERE rating level. The LEED rating system compris€® prerequisites
and 60 elective credits grouped into 6 categoti&ED 2003): sustainable sites (1 prereq. and latppiwater efficiency
(5 points), energy & atmosphere (3 prereq. and 4intg), materials & resources (1 prereq. and 13tghi indoor

environmental quality (2 prereq. and 15 pointsyl Bmovation & design process (5 points). The défg ratings a building
can obtain are: LEED certification (26-32 pointSijlver (33-38 points), Gold (39-51 points), andtilam (52-69 points).
The market penetration of LEED certification hagmateadily increasing over the years. CurrentlEDEguidelines are
adopted in all 50 U.S. states (largely dominatedChiifornia) and about 11 countries. Since thet stayear 2000, more
than 1500 projects have registered to achieve wsilevels of LEED certification. To date, the marisedominated by the
government and the non-profit sectors, togetheowatiing for nearly 75 percent of all LEED-registeprojects. The most
frequent project type is office buildings, followbgl secondary and higher education buildings.

The critical literature on LEED is rather sparseattliessen and Morris (2004) evaluated the frequextavhich each
credit is targeted when new projects apply for &DEating. Comparing their findings with the resulif this paper shows
that important discrepancies are observed betwezmnate of implementation of credits and their akhenefits. Scheuer
and Keoleian (2002) evaluated the energy consump#iod solid waste generation of 20 credits. Onethefir
recommendations is to include assessments suchates wonsumption, global warming potential, ecatibyxi human
toxicity, acidification, resource depletion anddamse. This paper works in this direction by evihgathe impacts of 45
credits on a broad scope of impact categories daatbe grouped in four damage categories: humalthheaosystem
quality, climate change, and resources.

1 Methodology

The LEED requirements are analyzed and quantifireérder to create a basis for comparison, assemptare made in
order to come up with a standard, non-LEED cedifiriilding. The basis for the standard buildingaisecently built
Chiron office building in Emeryville, California.he data for a standard and a LEED building for ezeldit are used as
inputs into the LCA software SimaPro 7 (PRé Cormsu#t 2006), combining the ecoinvent inventory dasab
(Frischknecht 2003, Frischknecht 2005) and the Il@FA&2002+ life-cycle impact assessment (LCIA) metiiogdy (Jolliet
et al. 2003) adapted to North America. The envirental benefits and burdens of 45 LEED credits awduated. The
credits analyzed are from the categories sustansiteés (10 credits analyzed from a total of 15litsg water efficiency
(5/5), energy & atmosphere (16/20), and materialegources (14/14). It is not possible to quantify benefits of credits
from indoor environmental quality (0/17) and inntea & design process (0/5). Impacts (i.e., burdend benefits) are
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evaluated for the damage categories human healisystem quality, climate change, and resourceurnpgon. Results

are then compared to the overall impacts of a stahdffice building, as well as with a residentiad a school building

within uncertainty analysis. The analysis revealsicv credits have the largest benefits. The foumalge category

indicators are combined into one indicator. Thisiimation is used to adjust the scoring systemi&D so that the scores
(i.e., number of points) properly reflect the atwem@vironmental benefits that each credit provides.

1.1 Life-cycle assessment of LEED credits

1.1.1 Goal and scope per credit

This LCA aims to identify and analyze the advansaged disadvantages of the different LEED credits, to assess the
benefits and burdens of the different credits. Li&Aerformed for each LEED credit. Benefits or lmmsl are compared to
the impacts of the overall building and the besefitr burdens) of the other credits. Each of th&DEredits is converted
into quantifiable aspects in order to link thesgeass to inventory databases and impact assessme¢imbdology.

Standard building. In order to compare the benefits (or burdens) &mheLEED credits, a standard building is analyzed.
The primary parameters specified for the standailding are the parameters targeted by the LEEDirements, such as
building footprint, materials (concrete, steel, Wo@lastics, etc.), transportation (vehicles), tleity and natural gas
usage, water usage, and waste produced. The nmtesaded for a standard building are obtained digguparameters
valid for an office building for approximately 5@@rsons. Using construction cost estimation (Tu@@mstruction 2005),
ratios of material mass per square footage arendutaand used to calculate the mass for severldibgimaterials. Data
on water use, energy consumption and waste geoerate obtained from an office building in Emerlesihousing 443
employees (Chiron Corporation 2005). These dataadpested for 500 people since this is the basistife standard
building. Table 1 presents a summary of the most important paramessd to model an office building along with the
main differences relative to a residential buildargl a school. The data of the latter two are fmedncertainty analysis.

<< insert Table 1 around here >>

The data for the office building are compared te thata presented in Junnila et al. (2006). Mosthefdata, such as
electricity and construction materials used, corapdwsely, except for the heating and natural géa.dince our standard
building is based on a building located in Califasrwhereas the buildings presented in Junnild. ¢2@06) are situated in

Finland and Wisconsin, the heating numbers arerdyeapproximately a factor of 7. This differenggears logical given

the climatic differences.

Interpretation of LEED credits. The LEED design recommendations are analyzed attpreted into quantitative
values. A summary of these interpretations is prteskinTable 2. Several credits, specifically the ones relatethtmor
environmental quality and innovation & design psgieare not quantified due to current lack of kremge, data, and
methodology. In total, 45 credits (from a totalb®) are quantified.

<< insert Table 2 around here >>

1.1.2 Inventory analysis

The life-cycle inventory (LCI) analysis is mainhased on the ecoinvent database v1.2 (Frischkn&fl8, Frischknecht
2005). As a matter of comparison, five of the nmiogbortant processes used in this study, cars (eafugtion, gasoline
production and gasoline use), electricity (U.Sdgmix), structural steel, concrete, and water, @mpared using the
Economic Input—Output Analysis-based LCA (EIO-LCa&pproach (Hendrickson et al. 1998), utilizing Ud&ta.Since
land use and wastes are flows that are not incatedrinto the EIO-LCA model, these flows could hetcompared. It is
observed that the difference between the,/®ID ratios for EIO-LCA and ecoinvent is stemmingrr the fact that in
Europe a higher fraction of electricity comes frbgymropower and nuclear energy, whereas more th#md@ahe U.S. mix

is based on coal. Thus the average European rabsigmed to produce less Qt&er MJ of electricity output because of the
supposedly lower COburdens of hydropower and nuclear energy. Thesdtir ecoinvent are approximately 30% lower
than for EIO-LCA.

The ecoinvent database is chosen for the analysiesed, for a detailed analysis, ecoinvent is jwaksince several flows
(e.g., waste management, sources of electricig/nat detailed enough in EIO-LCA to be usable figr ¢omparison of the
different LEED credits. The use of ecoinvent carcbesidered acceptable since technology (and theigyg consumption
and emissions of pollutants) can be assumed fairhilar between the U.S. and Europe. The elecyrigitx and car
mileage are adapted to current U.S. situation. Mhefor renewable electricity is assumed to be A0#d, 20% biomass
and 10% photovoltaic. A sensitivity study showst tthee actual fractions used for the renewable nuxndt change the
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results significantly. For example, variation withihe renewable electricity mix varies the inveptof the benefits
provided by the credit EA 6 (50% green power) ksslthan 5%.

1.1.3 Theimpact assessment methodology

The impact categories are based on the IMPACT 2Q@2A methodology (Jolliet et al. 2003) adapted\torth America.
IMPACT 2002+ considers 14 midpoint categories: hantaxicity, respiratory effects (due to inorganijc&nizing
radiation, ozone layer depletion, photochemicatation, aquatic ecotoxicity, terrestrial ecotoxiciaquatic acidification,
aquatic eutrophication, terrestrial acidificatiatrification, land use, global warming, non-renevwgabnergy consumption,
and mineral extraction. These midpoint categori@s lbe related to four damage categories: humarihhestosystem
quality, climate change, and resource consumpfidrese are expressed, respectively, in disabilijysted life years
(DALY), potentially disappeared fraction of speciesr nf per year (PDF-fayr), kg CQ-eq and MJ of primary non-
renewable energy. Normalization is performed atatgemevel. The IMPACT 2002+ method presently presididpoint
characterization factors, damage factors, normélimépoint characterization factors and normalidedhage factors for
almost 1500 different LCI results (Jolliet et al003, Humbert et al. 2005a, Humbert et al. 2005H)e Tdea of
normalization (Jolliet et al. 2003) is to analyhe tespective share of each impact in the oveeatiate of the considered
category. More specifically, in IMPACT 2002+, expsed in ‘pers-yr’, it represents the average impad specific
category ‘caused’ by a person during one year irtiNAmerica (calculated for the year 2005). Oneaspg’ corresponds
to, respectively, 0.014 DALY, 40,000 PDF-iyr, 14,000 kgC@eq and 256,000 MJ for the four damage categories
presented.

Table 3 presents the impact assessment results of thepr@ipsses used in this study.
<< insert Table 3 around here >>

2 Results of the Impact Assessment
This section summarizes the benefits and burdensrpdit.

2.1 Standard (non-L EED) office building

The impacts of a standard, not LEED rated officdding are shown inFig. 1. Over 50 years, operational impacts
comprising energy and water consumption, waste rgina, and transportation (mainly for employee omming)
dominate. The share between operation and constnug&tdecommissioning for energy consumption is panable to the
findings of Scheuer and Keoleian (2002) (95% and B$pectively, for a lifespan of 75 year€)imate change and
resource consumption are logically correlated. ¥alin the category ecosystem quality are lower thahe three other
categories. This is understandable since, glob#ily,impacts on ecosystem quality are dominatethibg use (farming)
and terrestrial ecotoxicity (mainly by heavy metdilscharges into soil), and neither farming nockiésges of heavy metals
into soil have the buildings industry as main cittior.

<< insert Fig. 1 around here >>

Fig. 2 details the impacts of the operation phase (fa&r pear). Commuting dominates the impacts in alegaties.
Electricity use (mostly for air conditioning) issal an important source of impacts. Heating has lamgacts, but the
building studied is situated in California, thugu@es only modest heating in the winter. Note thtte building would be
situated in a cold region that does not use aiditimming in the summer, the impacts caused byeasing natural gas
consumption would approximately be compensated i®daction of impacts caused by reduced electrimitysumption,
thus the overall share of energy consumption wetag in the same range. Impacts related to wastergton (assumed to
be 100% landfilled) are small, and impacts relabedlater consumption are negligible.

<< insert Fig. 2 around here >>

2.2 Comparison per damage category

Direct and tangible benefits regarding indoor emwinental quality and innovation & design processnca be quantified
based on currently practiced LCA. However, comflertels of inhabitants would definitely be enhandetlowing
guidelines of indoor environmental quality. Inndeas and design processes vary on a case-by-casearal thus cannot
be modeled on a standard basis. Hence the resaltsompared for the first four LEED categories. Tollowing figures
present the net benefits (or burdens) of the differcredits per damage category studied (i.e.,aténthange, human
health, ecosystem quality, and resource consunption

2.2.1 Climate change benefits



Fig. 3 shows the net benefits (i.e., difference betwémnltase case and the LEED case) of the differeditsrfor the
climate change damage category. Sustainable sitesgy & atmosphere, along with the credits reldtethe reuse of
building in material & resources, all reduce climathange potential. The benefits of the two forroategories are
primarily due to savings in operation as opposecotwstruction. Credit EA 6 (50% of electricity bdsen green power) is
clearly the most advantageous credit. Note th#héncurrent LEED system, credit EA 1 can provideeafd0 points, one
for each 5% increment in energy savings. Credit7/ISAlt.2 that specifies the use of minimum 50%pafking spaces
underground or covered by a structure creates i@@eemissions than a non-LEED case. Indeed, the catiin of
reinforced concrete multifloor parking garage weithit more CQ (especially from cement production) than the amdloet
the avoided asphalt will reduce. Credit MR prereg.felated to increased waste recycling. The re&sioa negative effect
is that wastes are dominated by paper, which, ddpced from a sustainable forest, can contributeapture and
sequestration of carbon when landfilled (assumirf 2f carbon released after 100 years) (Frischkrn2@d3). This result
should be interpreted with caution though, but adgll be seen later, the overall contribution bistcredit is positive since
it provides substantial benefits in the three othmgract categories.

<< insert Fig. 3 around here >>

2.2.2 Human health benefits

Fig. 4 shows the net benefits of the different creditstfi@ human health damage categdtgrmalized values for human
health are dominated by energy & atmosphere andriab& resources. The main benefits in energy &@dphere are due
to credit 6 (use of 50% of electricity from greeower). Two credits provide negative benefits: S (@se of bioethanol
instead of gasoline) and SS 7.1 Alt.2 (constructiéra parking garage). Indeed, throughout the dwvéfa cycle, the
former releases more air pollutants than gasolBsifgdo and Dale 2006); the latter replaces araligpdrking lot with a
concrete structure, which releases more air paoitata

<< insert Fig. 4 around here >>

2.2.3 Ecosystems quality benefits

Fig. 5 shows the net benefits of the different creditstfi@e ecosystem quality category. Normalized vafoescosystem
quality are generally lower than those accountadhfoman health. The main benefits are due to sw#tée sites. As
opposed to other impact categories, water effigieg@orounts for a non-negligible part of impactseeosystem quality, on
the same order of magnitude as energy & atmos@ratenaterial & resources. Negative values are gbddor the credit
SS 4.3 (replacement of 3% of the car with bioethaow the account of the burden caused by the ls®required for
bioethanol production. The same goes for the crighit 6 (5% of building furniture replaced with rapidenewable
materials), where the biobased plastics causesdehwn ecosystems because of land use for biolastits production.

<< insert Fig. 5 around here >>

2.2.4 Resour ce benefits

Fig. 6 shows the net benefits of the different creditstii@ resource consumption category. These beragétin most cases
comparable to climate change, and are primarilytdugenefits resulting from savings in operatioheTategories energy
& atmosphere and sustainable sites followed by rizdi® resources provide high benefits for mosthad credits.

<< insert Fig. 6 around here >>

2.3 Weighting

Because credits do not have consistent benefiisigiiout the four damage categories, a weightinggsysas to be used to
compare the four damage categories and reducenforsnation to only one indicator (such as the LE&Edring system).

Weighting is a very subjective part of LCA. It ggrtlepends on the scale of exposed population. ¥ggest taking into

account all four damage categories evaluated sghidy. Indeed, impacts on human health and etrsyguality appear

fairly obviously as negative for most people, blsbeour society tends to be more and more awatbeohegative aspects
of the consequences of climate change and reseorimption (e.g., social consequences and impacegosystems of
increasing sea level because of climate change;imted and intra-national conflicts along with &dctensions and

injustices related to the extraction of resourc@e authors suggest adopting an equal weightieg, 25% for human

health (HH), ecosystem quality (EQ), climate chaf@€), and resources (R). As different people askign different

weights to each category, a weighting set assigttiegsame weights to each category tends to repirese average

between multiple individual choices. Sensitivitydies are performed with two other sets of weigbée 2.4.5 Weighting

for results). Credits that are not evaluated inghesent study keep a score of one. However, atighr study should be
done to assign them more precise scores. The mstlie weighting is still expressed in pers-ydidating that a credit
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with a final score of one represents a benefitesgronding to the overall impacts caused by oneopedaring one year in
North America. Most of the results represent onlfyaection of this annual damage, thus in order takenthe different
scores easier to read, every score is multiplied®yThe factor 40 has the advantage to assigora £ approximately
one to the credits providing limited overall betgfiThus in this new scale, a score of 40 represebtnefit corresponding
to the overall impacts caused by one person duniregyear in North Americd.able 4 lists the credits studied herein along
with the score that each credit should receive dasethe equal weighting scheme. The range indicatdrackets shows
how the score of each credit would vary dependim¢he weighting scheme chosen (explained in morailde the section
2.4.5 Weighting). The theoretical scores vary frdi28 to 606. This indicator reflects the theordtmzerall magnitude of
the benefits provided by the credit. For examplerealit with a score of 60 provides 20 times morerall benefits than a
credit with a score of 3. Note that a graphicatespntation of these scores is also presentEBuiry.

<< insert Table 4 around here >>

Credit EA 1 focuses on energy performance. Eachs&%ng increment results in 62 points. Credit Efo@uses on green
power. As shown, it is one of the most importargdais to achieve in order to reduce the environaleintpacts of a
building. Furthermore, it is technically easy tgoilement. The only limitations are market availapiand price. However,
as experienced in California, if the electricitynues from efficient wind plants, the price is notahthigher than for
average grid electricity. Note that the credit EAm®vides the amount of benefits depicted in tHéeint figures and
tables only if the contract is renewed after 2 geand kept for the lifespan of the building. If t@ntract is not renewed
after 2 years, the total benefits represent onlyod%he ones presented in Table 4, i.e., a scoioAs mentioned earlier,
credit SS 7.1 Alt. 2 (multifloor parking garage reaaf reinforced concrete) creates more burden itharovides benefits.
Alternatives 1 (shade - no benefits or burdensd @pen-grid pavement — provides benefits) shoeldided instead of the
alternative 2 to achieve the goal aimed by cre8it7SL (reduction of heat island effect). The oudsahefits of the credit
SS 4.3 (replacement of 3% of the cars with bioath&ueled vehicles) are slightly on the negativéesilndeed, based on
current data (Seungdo and Dale 2006), the useoethnol reduces resources consumption ang ed@issions, but has
more effects on human health and ecosystem quéakty gasoline. Thus the credit SS 4.3 is extrersehsitive to the
weighting scheme chosen and should be considertéd care. Other types of fuels should be investiyate order to
identify potential alternatives to bioethanol. Usadhe credit MR 2.1 and 2.2, the recycling of cate (crushing it to
make aggregate) seems to create as much impatte a&ktraction of virgin aggregates in a quarry ldodo. The real
benefits of recycling concrete are the avoided iktgpaf the transportation from the quarry to thadsemixed concrete
plant. Thus if this trip is more impacting (longéhngn the one between the recycling plant and ¢ady-mixed concrete
plant, then recycling concrete makes sense. Talatsal reports the frequency with which each cregdiiargeted when
applying for LEED certification (discussed later).

2.4 Sensitivity Analysis

A sensitivity analysis should be done in order teergythen the results and identify the sourcesifigorovement.
Uncertainty and sensitivity analysis have to befqrered at five levels: 1) type of building (e.gffice v. residential v.
school), 2) effectiveness of the various creditg.(ewill people really use public transportatidribie building is situated
close to a bus stop?), 3) inventory analysis (eegults should be supplemented with the EIO-LCAdetporigin of the
electricity mix), 4) impact assessment methodol@gyg., while the GWP of different materials is faiwell known, high
uncertainties exist for the evaluation of the daenag human health and ecosystems), and 5) weigstthgme. The
estimated uncertainties associated with each ontheoffive sources of uncertainties discussed bedosvqualitatively
indicated in Table 4.

2.4.1 Type of building

The approach used in this study is applied to athgdical residential and school building, andrisults are compared to
an office building. The main differences betweendaddfice building, a residential building, and a eoh of the same
physical size are mentioned in Table 1. These assons suggest that the credits MR 1.1 to MR 7 &hastay with the
same values since it is assumed that the functiomtifor the comparison between different typedbwaildings is the size
of the building. The results are depictedrig. 7. They show that since office buildings tend toeyate more road traffic
and electricity consumption than schools or redidémuildings, benefits related to these two categs are higher for
office buildings than for the other two. Furthermoresidential buildings generate the lowest taffhus the benefits
associated with traffic reduction are the lowestthiis type of a building. Benefits related to eyesavings are fairly equal
between a school and a residential building. Theefis related to the creation of a place dedic&teetcycling of wastes
(MR Prereg. 1) is very dependent on the actual gy rates achieved. The interpretation of thisddr should be
corroborated with actual observations on site. Béieefits related to water savings are higher fsidemntial buildings, but
since these credits provide only marginal beneffits, uncertainty related to the type of buildingsot significant. It is
possible to conclude that even if the actual bénefi each credit can vary by up to a factor oepehding on the type of

6



building, globally, the ranking between the differeredits stays approximately the same. Uncestagntedium high for
the categories sustainable sites and energy & atineos, and low for the others.

<< insert Fig. 7 around here >>

2.4.2 Effectiveness of the various credits

The effectiveness of some credits is fairly easyestimate whereas the effectiveness of others eay widely. The

uncertainty of the effectiveness of credits reldte@nergy consumption or recycling content is |&wr example, if it is

required to reduce the energy consumption by 5&uticertainty associated with the effectivenesgiasi negligible since
the uncertainty will reside within the type of liiilg, but not within the effectiveness of the immpentation of the

measure. Indeed, we know that it is 5% of the gn#rgt will be saved! Credits related to the retucbf commuting are
the ones with the highest uncertainty in effecte&n For example, providing suitable means of rggohicycles and

convenient shower facilities for 5% of building apants does not mean that 5% of people will usé&ke to commute.

Overall, it can be considered that the uncerta@istgociated with the effectiveness is low (i.es ldmn a factor of 2) for
credits related to water efficiency, energy & atpteere and material & resources, whereas it is fiigh between a factor
of 2 and 10) for credits related to sustainablessit

2.4.3 Inventory analysis

Inventories are often burdened with significantent&inties and variabilities. However, severalha important sources of
variability are correlated between the differemdits. As an example, the electricity mix usedrie of the main sources of
variability. However, since a change in the eledlyi mix will affect in the same way all credits efe electricity is
dominating the impacts, the overall ranking of tigerent credits appears not to be very sensitivéhe electricity mix.
The same observation is valid for the mileage usedstimate the benefits related to the reductioar commuting.
Overall, it can be considered that the uncertaasiyociated with the inventory analysis is low (iless than a factor of 2)
for credits related to water efficiency and enefggtmosphere, whereas it is medium high (i.e., leetwa factor of 2 and
5) for credits related to sustainable sites anceri@dt& resources.

2.4.4 Impact assessment methodology

The main impact assessment used in this study, IMP2002+ v2.1 for North America (adaptation of i#let al. (2003)
to North America), takes into account 14 midpoimttegories. This is considered to represent a bspttrum.
Furthermore, two of the four damage categoriesuatatl, climate change and resource consumptionpased on
internationally accepted characterization factoes,(GWP potential and energy content of fuel$ludthey are associated
with low uncertainty. The two other damage categgrhuman health and ecosystem quality, contaimehigncertainties.
In order to reduce them, several categories bas&limpean data were newly modeled for North Anaeric

In order to strengthen the results, an evaluatias also done with the LCIA methodology CML (v2.08piemented in
SimaPro 7) (Guinée et al. 2002). The 10 midpoitégaries evaluated are human toxicity, photochenaixiaation, ozone
layer depletion, fresh water aquatic ecotoxicityarime aquatic ecotoxicity, terrestrial ecotoxicitgcidification,
eutrophication, global warming (GWP100), and abiatépletion. Two sets of weights are used. An equaghting for
each one of these 10 categories, and a respectigiting of 0.1, 0.1, 0.05, (i.e., 0.25 for theeggiries related to human
health), 0.05, 0.05, 0.05, 0.05, 0.05, (i.e., G®%he categories related to ecosystem qualit@b for global warming, and
0.25 for abiotic depletion. Both sets of weighteegiesults showing similar trend to the resultsaoisd with the IMPACT
2002+ methodology. Note that the latter set of Weigyives results closer to IMPACT 2002+ than ttverfer. However,
two main differences are observed. First, creditsirey at reducing land use show less benefits VAL than with
IMPACT 2002+ since no impact categories relatedatwd use are currently associated with the ver&@®3 of CML
implemented in SimaPro 7. However, since Guinéal.e2002) advise to take into account land usesehdifferences
should be reduced if the evaluation is done witomplete version of CML. The second differenceelated to the credits
aiming at reducing the use of steel and aluminumesg credits are mainly part of the material & veses category).
Indeed, these credits show a much higher importamite CML than with IMPACT 2002+ (up to two ordeisf
magnitudes). This is due to the high ecotoxicitater to freshwater and aquatic ecosystems give@Nly to inorganics
emitted during the production of metals. This sfieity to CML is already reported by Dreyer et §003). However,
these differences do not change the fact that botA methodologies show similar trend when simiéats of weights are
used.

The main uncertainty associated with the impacesssaent methodologies relates to the evaluatiomesfdamage on
ecosystems caused by water scarcity and land ieeeffects on ecosystems quality due to the remluatf biodiversity
caused by land use are taken into account usinghtheacterization factors suggested by Eco-indica®o(Goedkoop and
Spriensma 2000). However, this methodology, whdmg the only currently available, is fairly limiteand does not fully
address the issue of land use. The impacts caysttelireatment and distribution of water are takeo account in the
present evaluation. However, the impacts on bigditye caused by the withdrawal of water from nat@weosystems are
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not addressed in any manner as no accepted aoibeffimethodology is currently available within théA community to
do so. If the building is situated in a region witlenty of clean, fresh water, this may not be ssué. However, if the
building is situated in a region with water scarcids it is the case in California, each gallonstoned increases the
pressure on biodiversity. The issues of water amdl luse should be better investigated in orderettebevaluate the
benefits of the credits related to these two patarae

2.4.5Weighting

As mentioned earlier, sensitivity studies were @enied with two sets of weights different from theesuggested (equal
weighting). The first set of weights is the one gegfed by Goedkoop and Spriensma (2000) in the L@é&hodology
Eco-indicator 99 (i.e., 33.8% HH, 40% EQ, 6.2% Q0% R). The second set of weights is a set aimtnge@ducing
sensitivity of results to uncertainties (i.e., 26%d, 10% EQ, 35% CC, 35% R). The rationale behirell#tter is that the
damage category ecosystem quality has the higinestrtainty among the four categories. The categargan health also
has higher uncertainties than climate change asalirees. Both sets give similar results to equadftieng. The choice of
set of weights appears to be important only for ¢hedlits that have some negative benefits, or fedits that provide
benefits only for one damage category. The credétare sensitive (i.e., having a score that sdriemore than 50% and
by more than 1 point) to the weighting set are SS84.3, SS 5.2, WE 2, EA 4, MR 6, and MR 7. Thiy oredit that has
a score that changes signs depending on the seeights is the credit SS 4.3 (use of bioethandlesd of gasoline).
Indeed, the use of bioethanol is positive for clienehange and resource consumption, but negatiieufiman health and
especially ecosystem quality (mainly from land usjerall, it can be stated that the set of weiglats a limited influence
on the overall ranking of the different credits.eTimfluence of the weighting scheme chosen on ittd Ecore of each
credit is indicated in brackets in Table 4.

2.4.6 Other sources of uncertainty
Hidden, unquantified benefits, for example, thelthebenefits from increased comfort in a buildilage limitations to the
quantification of the benefits of the different LEEredits by traditional LCA methodologies.

3 Discussion and Recommendations for | mprovements

It is clear that some credits provide larger beadfian others: a large spread between the ditferedits is observed.
However, results are fairly consistent throughdet tour damage categories. Sustainable sites €88)gy & atmosphere
(EA) and a few material & resources (MR) creditsnitate the benefits. This is mainly due to reductiocar commuting
(for SS), energy savings (for EA and MR), and grpewer (for EA). Overall, water efficiency appears to be a critical
category. The results suggest different scoredlifferent credits. The suggested scores that shbeldssigned to each
credit are presented in Table 4.

Credits that bring a score of one might not be ennted. However, they often have hidden bendfds might not be
correctly evaluated. In order to enhance the chafideaving a certain variety of credits implementedme other rules
should be applied, for example, “at least one teli category.”

The LEED rating (Certified, Silver, Gold, or Plaiim) that a building applying for certification waulobtain when
following the scale suggested in Table 4 shouldnimlified to reflect the suggested changes. Note ithéne equal
weighting scheme is applied to the overall annogddcts of a standard office building (average efuhlues presented in
Fig. 1, divided by 50 years, and multiplied by faetor 40, to be comparable to the scores attribtdecach credits), its
impacts score is approximately 8,000. Furthermiér&@) the LEED credits are implemented, the ovieb&nefits achieved
would correspond to a score of approximately 3,d0s is an interesting result. Indeed, it meamas éven if all the LEED
credits are implemented, the overall impacts daadard office building would be reduced by lesnth0%.

When the new scoring system is compared with thetjme, some interesting discrepancies appeareXxanple, as shown
by Matthiessen and Morris (2004), among the prejegiplying for a gold or a platinum rating, virlyahone applied for

the credits MR 1.1, MR 1.2, MR 1.3 and MR 3.2, l#ssn 20% targeted the credits EA 6 and EA 1 (forerthan 15%

reduction), and less than 40% targeted the cr&8t2, SS 4.4 and EA 2.3. Altogether, these creedfisesent a score of
less than 17 in the current system, but more th@@02points over 3,000 that would be obtained lierdntire set of credits.
This leads to the suspicion that most of the bagdithat are rated platinum have an overall redonaif impacts of less
than 15% of the total impacts of the same buildisttpout certification.

The new scoring system presented in this papengaldth a new scale for the ratings, should helpext and avoid the
type of discrepancy just presented. Adapting theesto the new scoring system is difficult. Indedte meaning of
platinum is fairly arbitrary. An example of scaleutd be: 1000, 1500, 2000 and 2500 points to bedr@ertified, Silver,
Gold and Platinum, respectively.



3.1 Limitationsand further research

Although the study aims at quantifying the benefitd EED, it has several limitations. Most importignthe categories
indoor environmental quality and innovations & dgsiprocess are not included since results fromettsestions are
currently not addressed by LCA methodologies. Secas discussed in section 2.4.4, the impactstmegurom water

consumption and land use are currently not welleusstdod and poorly evaluated, whatever the impasessment
methodology chosen. Third, hidden benefits showddniore thoroughly investigated, and qualitative guontitative

evaluation is to be done in order to take them imtoount when assigning a certain score to a $pemiédit. The

interpretation of each credit should be corrobatatéth actual observations of different LEED-ratedildings. Also,

further research needs to be conducted on pogsifsée critical credits that should be added toligteof LEED credits in

order to improve its relevance. Finally, the corcepenvironmental benefits achieved per dollarested should be
explored in order to suggest the credits to fiogtus on and invest available money in order to mize the efficiency of
LEED implementation.

4 Conclusions

The LCA findings suggest that the quantifiable bis®f LEED have high variations when comparedib@ another. The
magnitude and variation of these benefits are atdit in Table 4. The energy & atmosphere categonying at reducing

the non-renewable energy consumption in the omergthase, provides the most benefits. The creflgsistainable sites,
aiming at reducing the impacts of commuting, alsavjale large benefits, although the credit 4.3 (ofskioethanol instead
of gasoline) can be positive or negative, dependinghe weighting scheme chosen. Other creditsusfagmable sites
provide only marginal benefits, with credit 7.1 hgipositive or negative, depending on the alteveathosen. The initial

credits of materials & resources (aiming at reughng structure of the building) provide high betgfivhereas the rest
have low benefits. The category water efficiencyesgys to provide only marginal overall benefits.

Within the evaluated credits, it appears that thesoproviding the most environmental benefits heedne geared toward
green power (if used over the entire lifespan & thuilding), reducing energy consumption, reducamgnmuting,
increasing the recycling of wastes, and reusingsthecture of the building during renovation. Citedielated to water
efficiency, building footprint reduction or recyd&ontent in the furniture appear to provide muess Ibenefits.

Important discrepancies are observed between thlEDLE edits that have high benefits and a low targed (e.g., credit
EA 6), as well as LEED credits that have low besedind high target rates (e.g., credit WE 1.1).

The main practical proposition is the new scoripgtam suggested in Table 4. Indeed, this new sgayatem should help
address the issue of discrepancies by providingesdbat are proportional to the actual environlen¢nefits associated
with the implementation of each credit. A higherHIE rating would then be more certainly related dovér impacts.
Because of the different uncertainties and possitiler considerations for including certain creditt EED, an improved
scoring systems does not necessarily need to bl $@sed on the present LCA results, howeverintfioemation provided
by LCA should be considered when revising the scpsiystem.

The LEED point system should reflect environmeirtgdacts. Despite the different limitations mentidradove, this paper
is an attempt to making LEED a more effective matgystem with the goal of lowering the environmétarden of
buildings.
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Table 1: Main parameters of the three types of buildingslisill

Parameter

Office building

Residential building

School building

Number of persons

500 employees

100 residents

100 employees + 1000 students

Structure ( 4 stories)

footp

rint: 3710 m% 15992 t of concrete;

1384 t of steel

Interiors

sheetrock: 1457 t; steel: 583 t; ceramics: 146 t; wood: 583 t; plastics: 146 t; equipment: 10 t (electronic) and

100 t (mechanical)

Transportation associated with the

500 cars (50 km/car-day)

students: 50% by car (10 km/car-day),
50% by public transportation (10

building 50 cars (50 km/car-day) km/pers-day); employees: 100 cars (50
km/car-day)

Size of the parking lot 560 spaces 50 spaces 350 spaces

Days in use per year 260 days/yr 350 days/yr 230 days/yr

Electricity (kWh/pers-day) 8 10 employees: 8; students: 1

Natural gas (MJ/pers-yr) 3200 20000 employees: 3200; students: 1000

Potable water (liter/pers-day) 40 300 employees: 40; students: 20

Waste generation (kg/pers-yr)

glass: 25; plastics: 117;
paper: 182; aluminium: 3;

glass: 25; plastics: 117; paper:
182; aluminium: 3; other

other metals: 30; organics: 20

metals: 30; organics: 20

employees: same as in an office
students: 5 times less than employees
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Table 2: Interpretation of the different LEED credits fastandard office building

LEED credit (summary)

Key parameters used in the modeling in this paper

Sustainable Sites (SS)

Prerequisite 1: Design sediment & erosion control plan.

n/a

Credit 1: Avoid development of inappropriate sites.

n/a

Credit 2: Increase localized density by utilizing sites that are located within an
existing minimum development density of 60,000 ft*/acre

50% less land use, agricultural land saved: 10,165 m?-yr/yr
10% less cars, 650,000 km/yr driven less

Credit 3. Develop on a site classified as brownfield, and provide remediation
required by EPA.

100% less land use, agricultural land saved: 26,331 m>-yr/yr.
Land is completely reused.

Credit 4.1: Locate within ¥2 mile of commuter rail or subway station and ¥2 mile
from bus station.

5% less cars driven to work, 325,000 km/yr driven less or driven
by public transportation

Credit 4.2: Bicycle security and convenient changing/shower facilities for 5% or
more of building occupants (15% for residential).

5% less cars, 162,500 km/yr driven less
Impacts of extra bikes and showers are assumed negligible.

Credit 4.3: Provide alternative fuel vehicles OR install alternative refueling
stations for 3% vehicle parking capacity.

3% of the cars concerned, i.e. 195,000 km/yr driven with
bioethanol instead of gasoline.

Credit 4.4: (rehab) Add no new parking AND provide preferred parking for
carpools for 5% of building occupants OR (new buildings) provide preferred
parking for carpools for 5% of building occupants.

2.5% less cars, 162,500 km/yr driven less
(2 passengers per car pool assumed)
2.5% less paved area (416 m*-yr/yr of land saved)

Credit 5.1: (green field sites) Limit clearing of vegetation around the site OR
(previously developed sites) restore 50% of the remaining open area.

5,310 m*-yr/yr land conversion from constructed urban land to
green urban land

Credit 5.2: Designate open space equal to building footprint.

25% land saved or building area, 5,083 m*-yr/yrland saved

Credit 6.1: Decrease storm water by 25%.

5,083 m°/yr less in the network

Credit 6.2. Storm water treatment.

n/a

Credit 7.1: Alt. 1) Provide shade for at least 30% of the site’s non-roof
impervious surfaces; OR Alt. 2) place a minimum of 50% of parking spaces
underground or covered by structured parking; OR Alt 3.) use an open-grid
pavement system for a minimum of 50% of the parking lot area.

Alt. 1) no impacts, no benefits. Alt. 2) 50% less parking lot: 8,310
m?-yr/yr land saved. Parking structure: 11,362 t concrete and
795 t steel extra. Alt. 3) 8,310 m?-yr/yr from asphalt to open-grid
pavement; 8,310 m*/yr less runoff in the network

Credit 7.2: Use highly reflective and emissivity roofing.

n/a

Credit 8: Avoid night sky pollution.

n/a

Water Efficiency (WE)

Credit 1.1: Reduce irrigation water by 50%

50% less irrigation water, 1,500 m3/yr saved

Credit 1.2: No irrigation water (reduction by 100%)

100% less irrigation water, 3,000 m3/yr saved

Credit 2: 50% reduction of municipal potable water going into for sewage OR
treat 100% wastewater to tertiary standards.

40% (2,080 m*/yr) potable water saved
50% of 80% (80% of potable water going into sewage)

Credit 3.1: Use 20% less potable water.

20% (1,040 m°/yr) potable water saved

Credit 3.2: Reduce potable water use by an additional 10% (30% total).

14 the benefits of Credit WE 3.1

Energy & Atmosphere (EA)

Prerequisite 1: Commissioning, verification and documentation.

n/a

Prerequisite 2: Follow ASHREA standard or local energy code.

n/a

Prerequisite 3: No CFCs in building HVAC systems

1 kglyr of CFC-11 avoided (gross assumption)

Credit 1: Per point (10 total possible): reduce regulated energy consumption by
5%

Per point: 5% (regulated) electricity (41,600 kWh/yr) saved and
5% natural gas (80,000 MJ/yr) saved

Credit 2.1: Supply 5% of building energy with on-site renewable energy.

5% electricity (52,000 kWh/yr) and 5% natural gas (80,000
MJ/yr) replaced by photo-electricity and solar heat respectively

Credit 2.2: Supply 10% of building energy with on-site renewable energy.

Same benefits as Credit EA 2.1

Credit 2.3: Supply 20% of building energy with on-site renewable energy.

2 times the benefits of Credit EA 2.1

Credit 3: Additional commissioning and review.

n/a

Credit 4: No HCFCs/Halons in refrigeration equipment and fire systems.

Assumption: 5 kg/yr R-22 and 5 kg/yr Halon-1211 avoided

Credit 5: Install continuous metering equipment.

n/a

Credit 6: Enter into a 2-year contract to purchase green power for 50% of the
building’s electricity.

50% electricity (520,000 kWh/yr) from U.S. mix replaced by
renewable mix (contract is assumed to continue after 2 yr)

Materials & Resources (MR)

Prerequisite 1: Provide an easily accessible area dedicated to the separation,
collection and storage of materials for recycling for the entire building.

Fraction diverted from landfill to recycling: 75% for glass (9,375
kg); 50% for plastic (29,250 kg); 75% for paper (68,250 kg); 75%
for aluminum (1,125 kg); 75% for other metal (as steel) (11,250
kg); 50% for organic (5,000 kg)

Credit 1.1: Maintain at least 75% of existing building structure and shell
(excluding windows and non-structural roofing material).

concrete and steel: 75% less concrete (11,994 t); 75% less steel
(1,038 t)

Credit 1.2: Maintain an additional 25% (total 100%) of existing building structure
and shell (excluding windows and non-structural roofing material).

1/3 the benefits of Credit MR 1.1

Credit 1.3: Maintain 50% of non-shell (interior walls, doors, floor coverings and
ceiling systems).

50% non-shell saved (i.e., 729 t of sheetrock, 291 t of steel, 73 t
of ceramics, 291 t of wood, and 73 t of plastics)

Credit 2.1: Recycle and/or salvage at least 50% (by mass) of construction,
demolition and land clearing debris.

Diverted from landfill to recycling: 50% of concrete (7,996 t) and
50% of steel (692 t)

Credit 2.2: Recycle and/or salvage an additional 25% (75% total).

4 the benefits of Credit MR 2.1

Credit 3.1: Specify salvaged or refurbished materials for 5% of building
materials (including furniture).

5% of interior and equipment saved (i.e. 73 t of sheetrock; 29 t
of steel; 7 t of ceramics; 29 t of wood; 7 t of plastics; 0.5tand 5t
of electronic and mechanic equipment respectively)

Credit 3.2: Same as Credit MR 3.1, but for 10%.

Same benefits as Credit MR 3.1

Credit 4.1: Use materials with recycled content (post consumer + 1% post
industrial) for 5% of total materials (mechanical & electrical excluded).

5% of interior saved (i.e. 73 of sheetrock; 29 t of steel; 7 t of
ceramics; 29 t of wood; and 7 t of plastics)

Credit 4.2: Same as Credit MR 4.1, but 10%.

Same benefits as Credit MR 4.1

Credit 5.1: Specify minimum of 20% of building materials manufactured within
500-mile radius (= 800 km).

Original distances from the final manufacturer: steel: 1,000 km;
concrete: 50 km (not considered here); interiors and equipment:
1,000 km. Distance saved: 176,327 t-km
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Credit 5.2: Of regionally specified materials, specify minimum 50% extracted,
harvested or recovered (as well as manufactured) within 500 miles (= 800 km).

Original distances before the final manufacturer: steel: 1,000 km;
concrete: 500 km (not considered here); interiors and
equipment: 1,000 km. Distance saved: 390,565 t-km

Credit 6: Specify rapidly renewable materials for 5% building materials.

Assumption: plastic-based furniture represents 5% of the value
of the building, thus one needs its entire mass to make 5% of
the total building value. Assumption: plastics (146 t) replaced by
bio-based plastics (146 t)

Credit 7: Use minimum of 50% of wood based materials certified in accordance
with the Forest Stewardship (FSC) guidelines.

Less impacts on biodiversity and erosion.
291 ha-yr/yr from intensive to FSC forest (wood yield: 2 t/ha-yr)

Indoor Environmental Quality (EQ): 2 Prerequisite and 15 Credits

n/a

Innovation & Design Process (ID): 5 Credits

n/a

15



Table 3: Impact assessment results (based on IMPACT 200the main processes used in this study

£ "-‘>,\ o9 > o
§55 | 82% |85 |EE.:8
Damage category: ESZ | >85 | 2832532
523|834 |£89|g528
18 2|69 (es2 ©
electricity (U.S. mix) (per kWh) | 3.6E-7 0.16 720 12
electricity (renewable mix) (per
kwh) 7.6E-8 0.15 26 0.42
natural gas (per MJ) 9.1E-9 | 2.3E-3 69 1.3
water (per m°) 7.0E-7 4.5 560 10
concrete (per kg) 9.0E-8 | 0.064 140 1.2
steel (per kg) 3.9E-6 1.8 2700 46
plastics (landfilled) (per kg) 3.0E-6 0.32 2600 84
paper (landfilled) (per kg) 1.3E-6 0.99 -28 31
car (gasoline) (per km) 1.8E-7 0.18 450 7.3
truck delivery (per t-km) 1.7E-7 | 0.081 160 2.8
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Table 4: Suggested scoring system (i.e., number of poiriteaeh credit should receive) based on the LCA Idpeel in
this paper (note that the score in the present LEEIDg scheme is systematically 1)

Uncertainty or variability relative to: Credit targeted in
. effectivenes . . practice?
Credit LCA based score® tt]y pe of s of the inventory impact weighting (Matthiessen and
(range) uilding credit analysis assessment Marris 2004)°
SS2 336 (208-439) medium high low low low rarely
SS3 6 (2-9) low low low high high rarely
SS4.1 167 (102-219) medium high medium low low often
SS4.2 127 (90-159) medium high negligible low low most of the time
SS4.3 -1 (-79-66) medium low medium medium high rarely
SS4.4 129 (92-161) medium medium low low low sometimes
SS5.1 0(0-1) low low low high high few times
SS5.2 1(1-2) low low low high high few times
SS6.1 1(1-1) low low high high high few times
SS7.1Alt1 0 (0-0) medium medium low low low
SS7.1Alt2 -128 (-142- -111) medium low medium low low often
SS7.1Alt3 32 (27-38) medium low medium low low
WE 1.1 1(1-1) low medium low high high most of the time
WE 1.2 1(1-1) low medium low high high rarely
WE 2 5 (4-6) medium low low high high rarely
WE 3.1 3(2-3) medium low low high high most of the time
WE 3.2 1(1-2) medium low low high high rarely
EA Pre. 3 2 (1-2) high low low low high n/a
EA 1 62° (44-79) medium low low low low a
EA2.1 64 (43-83) medium low low low low rarely
EA2.2 64 (43-83) medium low low low low rarely
EA 2.3 129 (86-166) medium low low low low rarely
EA 4 25 (22-32) high low low low high sometimes
EA 6 606 (402-783) medium low low low low rarely
MR Pre.1 172 (172-205) medium high low low low n/a
MR 1.1 199 (175-221) low low low low low rarely
MR 1.2 66 (58-74) low low low low low rarely
MR 1.3 173 (173-183) low low medium low low never
MR 2.1 41 (40-41) low medium medium low low always
MR 2.2 20 (20-21) low medium medium low low often
MR 3.1 19 (19-20) low medium medium low low rarely
MR 3.2 19 (19-20) low medium medium low low never
MR 4.1 17 (17-18) low high medium low low most of the time
MR 4.2 17 (17-18) low high medium low low rarely
MR 5.1 1(1-1) low high low low low most of the time
MR 5.2 3(2-3) low high low low low rarely
MR 6 11 (5-16) low medium high medium high rarely
MR 7 1(1-2) low medium medium high high few times

2All missing scores are set to 1 by default. An gsialshould also be performed on them in ordedapatheir score if necessary.

P Nomenclature used: in parenthesis is the fractidrE&D projects that target the specific creditsée on Matthiessen and Morris (2004): most of the
time (>80%), often (60%-80%), sometimes (40%-60%), times (20%-40%), rarely (<20%).

€10 fold increment (i.e., for each 5% increase, 6iats should be received, up to 620 points)

9>80% (first 5%), 40-60% (second 5%), < 20% (ttGed and above)
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